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(57) Abstract: To obtain a microcolumnar 
structured material having a desired material. The 
columnar structured material includes columnar 
members 15 obtained by introducing a filler into 
columnar holes formed in a porous material. 
The porous material has the columnar holes 14 
formed by removing columnar substances from 
a structured material in which the columnar 
substances 12 containing a first component are 
dispersed in a matrix member 13 containing a 
second component capable of forming a eutectic 
with the first component. The matrix member 
13 may be removed. In the columnar structured 
material, the filler is a conductive material, and 
an electrode can be structured by electrically 
connecting the conductive materials in at least a 
part of a plurality of holes to a conductor. 
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DESCRIPTION 

COLUMNAR STRUCTURED MATERIAL, 
ELECTRODE HAVING COLUMNAR STRUCTURED MATERIAL, 
AND PRODUCTION METHOD THEREFOR ' 



TECHNICAL FIELD 

The present invention relates to a columnar 
structured material, an elect rocie having the columnar 

10 structured material, and a production method therefor, 
and particularly to a structured material that 
includes microcolumnar forms and is applicable to a 
semiconductor device or an electrode, an electrode 
having the columnar structured material, and a 

15 production method therefor. More specifically, the 
invention relates to a structured material that 
includes microcolumnar forms and employs a porous 
material formed to have microholes by self- 
organization, an electrode having the columnar 

20 structured material, and a production method therefor. 
Still more specifically, the invention relates -to a 
structured material that includes microcolumnar forms 
and employs a porous material produced to have 
microholes from a nanostructured material formed by 

25 self -organization using eutectic materials, an 

electrode having the columnar structured material, 
and a production method therefor. 
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BACKGROUND ART 

Semiconductor processing techniques have been 
making remarkable progress , and processing techniques 
with precision of the order of 100 nm are about to 
5 become commercially practical. As semiconductor 

devices decrease in size, switching speeds increase 
while power consumption decreases. Thus, downsizing 
of semiconductor devices is essential for the 
production of high-performance LSIs. Up to now, the 

10 packing density of semiconductor .devices has linearly 
increased with each passing year. However, it is a 
matter of time that the "processing precision reaches 
the limit of photolithography in conventional use, so 
that the development of an alternative processing 

15 process is an urgent .necessity. 

As a processing process exceeding the limit of 
the photolithography in conventional use, more 
attention is being paid to a process for causing 
spontaneous production of a microstructure utilizing 

20 properties of a material or the like based on so- 
called self-organization. The microstructure formed 
by self-organization exhibits a wide variety of forms 
such as a layer form, a fiber form, a columnar form, 
a spherical form, and a porous form, and potential 

25 applications are proposed for the respective forms. 
Above all, porous thin films formed on a substrate 
and columnar structured materials particularly have a 
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wide field of industrial applications, being 
considered as the most promising applications. 

Among the most noteworthy applications of the 
porous thin films are alumina nanoholes formed by 
5 anodizing aluminum. The alumina nanoholes are 

obtained by anodizing an aluminum thin film under 
given conditions as microholes formed perpendicularly 
to the surface due to electrostatic focus. 

As other significant materials, there are thin 

10 films of mesoporous materials produced by a sol-gel 
process or the like with a surfactant aggregate being 
used as a mold. Those materials are obtained by 
producing materials having a regular microhole 
structure by such a simple method as dip coating, and 

15 are provided with microholes arranged in parallel to 
substrates . 

Meanwhile, as to the columnar structured 
materials, there are many materials being under study. 
The production methods for the columnar structured 

20 material are broadly divided into two methods. One 
is a method (first method) of producing a structured 
material having a columnar structure directly onto a 
substrate. The other is a method (second method) of 
forming an object material within microholes formed 

25 in a porous material and then removing the porous 
material. 

First, description is made of the first method. 
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As the method of forming a columnar structured 
material directly onto a substrate, there are a 
method of performing deposition from a liquid phase 
and a method of performing growth from a vapor phase. 
5 The method of performing deposition from a liquid 
phase is used to form the columnar structured 
material of ZnO, Ti0 2 , or the like with a relatively 
low aspect ratio. As the method of performing growth 
from a vapor phase, which is used more generally, 

10 there are a method of performing vapor deposition 
directly on a raw material, a method of performing 
growth by catalytic reaction using a Vapor-Liquid- 
Solid mechanism, a method using Chemical Vapor 
Deposition (CVD) , and the like. For example, it has 

15 been reported that a catalyst such as gold can be 
used to grow a needle crystal of zinc oxide on a 
substrate. Those methods are used to obtain the 
columnar structured materials of a metal, a 
semiconductor, or the like with a high aspect ratio 

20 on a substrate. 

Next, description is made of the second method. 
As a porous material used in this method, the 
microholes preferably have a linear form without 
having a branch. For example,, the above-mentioned 

25 alumina nanoholes and mesoporous materials can be 
used. As to the use of the alumina nanoholes, for 
example, by using a conductive material as a base 
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substrate under a nanohole film, the object material 
is introduced into the microholes by such a method as 
electrodeposition, and alumina is finally removed to 
produce the columnar structured material. When such 
5 a method as electrodeposition is used, it is also 
possible to produce a columnar structured material 
different in compositions from the middle of the 
process. In the case of the mesoporous materials, 
the columnar structure can be formed by a method of 

10 adsorbing a precursor of the object material and then 
using chemical treatment for an object composition, a 
CVD method, or the like. In the case of using the 
mesoporous materials, a longitudinal direction of the 
columnar structure becomes parallel to the substrate. 

15 Adjacent columns are joined by a microfine wire. 

There is an example having description of platinum as 
to the production of the columnar structured material 
using the mesoporous materials. • 

(Prior art plating to electrode) 

20 As a detection method for molecules, ions, and 

the like dissolved in a solution, an electrochemical 
measuring method for performing a measurement of a 
current value in accordance with the transfer of 
electrode electrons is used, and is currently being 

25 put into application in various fields. 

In particular, in a measurement for micro 
detection or the like, it is important to obtain a 
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current response within a given observation area with 
high precision and high sensitivity. In order to 
achieve this object, attention is being given to 
enlargement of a surface area of an electrode and 
5 regulation of a structured material. 

In recent years, there is proposed a production 
method for an electrode having a columnar structured 
material to which photolithography is applied. Known 
examples of this method include: a lift-off process 

10 in which a resist is applied to a substrate, a 

" photomask having an electrode pattern is superposed 
thereon, exposure and development are performed, a 
metal thin film is then formed by vapor deposition or 
the like, and the resist is peeled off to obtain a 

15 microelectrode on the substrate; and an etching 

process in which a metal thin film is produced on an 
insulating substrate, a resist is then- subjected to 
application, exposure, and development in this order, 
and a residual resist is further used as a mask to 

20 subject the metal thin film in an exposed portion to 
etching to obtain an electrode pattern. With the 
above method, a large number of microelectrodes 
having an arbitrary form and a predetermined 
interelectrode distance can be produced on a 

25 substrate with high reproducibility. 

However, the photolithography in current use 
has a limit of precision of the order of 
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approximately 100 nm. Therefore, as a processing 
process exceeding the limit of the photolithography, 
more attention is being paid to a process for causing 
spontaneous production of a microstructure utilizing 
5 properties of a material or the like based on so- 
called self-organization. A method of producing an 
electrode having a columnar structure of the order of 
100 nm or less by using the self-organization is 
broadly divided into two methods. One is the above- 

10 mentioned first method of forming a columnar 

structured material directly onto a substrate, and 
the other is the above-mentioned second method of 
forming an object material within microholes formed 
in a porous material and then removing the porous 

15 material. Description is further made of reported 
examples of use of the second method that has been 
already described to produce an electrode having a 
columnar structured material for detection with high 
precision and high sensitivity. For example, it is 

20 reported in Bull. Chem. Soc. Jpn., 66,305(1993) that 
alumina nanoholes are used for a mold to deposit Ni 
by electrolysis, and in Japanese Patent Application 
Laid-Open No. 2000-001392 that alumina nanoholes are 
used for a mask to deposit a metal, and the metal is 

25 used as a catalyst to grow a columnar structured 
material and obtain an electrode. 

However, the- above-mentioned respective methods 
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of producing a columnar structured material have 
problems as described below. 

First, in the method of forming a columnar 
structured material directly from a liquid phase, 
5 applicable materials are limited. For example, in 
the case of using electrodeposition, wide-range 
materials such as metals are formed mainly into a 
form of a continuous film. Further, even in the case 
where a material can be formed into a columnar 

10 structure, it is difficult to orient its direction so 
as to be completely perpendicular to a substrate. 
Even a single column of the columnar structured 
material often has its proximal end and its distal 
end varied in diameter. In the method of forming a 

15 columnar structured material directly from a vapor 
phase, a process performed at high temperature 
becomes necessary in many cases, so that only such a 
substrate that can withstand a formation temperature 
for the object columnar structured material can be 

20 applied. Also, in the case of using catalytic 

reaction, a specific material of a noble metal or the 
like needs to be formed on a surface of the substrate, 
causing problems with a configuration of the 
structured material and production cost. In this 

25 case as well, a single column of the columnar 

structured material often has its proximal end and ' 
its distal end varied in diameter. Meanwhile, in the 
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method of producing a columnar structured material by- 
introducing a material into alumina nanoholes, it is 
substantially impossible in actuality to set the 
diameter of a microhole among the alumina nanoholes 
5 to 10 nm or less. Thus, it is difficult to control 
the diameter of the formable columnar structured 
material to 10 nm or less, and a technique for 
producing a columnar structured material having a 
further smaller diameter is desired. In many cases, 

10 'it is when the size becomes less than 10 nm that the 
material is released from bulk properties and 
develops specific properties such as a quantum size 
effect. Therefore, it has been a significant problem 
to produce a columnar structured material having a 

15 diameter of less than 10 nm. 

Further, in the method of producing a columnar 
structured material by introducing a material into a 
mesoporous material, obtained microholes are 
sufficiently small in diameter, but an orientation of 

20 the microholes is parallel to the substrate. Thus, 

it is difficult to apply a process with ease and high 
reliability such as electrodeposition for introducing 
the material into the microholes. 



25 



DISCLOSURE OF THE INVENTION 

The present invention has been made in view of 
the above problems, and has an object to provide: a 
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columnar structured material that is perpendicular to 
a substrate; r has almost no change in diameter in a 
longitudinal direction, and is finely structured with, 
for example, a diameter of less than 10 nm; and a 
5 production method that is capable of producing the 
columnar structured material with a simple method, 
and applicable to wide-range materials * 

Further, the present invention has another 
object to provide: an electrode which includes a 

10 columnar structured material provided on a conductive 
material with a columnar structured material that is 
perpendicular to a substrate, has almost no change in 
diameter in a longitudinal direction, and is finely 
structured with, for example, a diameter of less than 

15 10 nm, and which is capable of measuring a current 

value with high sensitivity and high precision; and a 
method of producing the electrode with a simple 
method, 

A columnar structured material according to a 
20 first invention of the present application is a 
columnar structured material which is obtained by 
introducing a filler into columnar holes formed in a 
porous material, in which the porous material has the 
columnar holes formed by removing columnar substances 
25 from a structured material in which the columnar 

substances containing a first component are dispersed 
in a matrix member containing a second component 



WO 2004/054924 



PCT/JP2003/015949 



capable of forming a eutectic with the first 
component . 

Further, a columnar structured material 
according to a second invention of the present 
5 application is a columnar structured material, in ■ 
which the matrix member is removed from the columnar 
structured material according to the first invention. 

In the present invention, it is preferable that 
the structured material has a thin film form. 

10 Further, in the present invention, the columnar 

structured material is obtained by introducing the 
filler into the columnar holes after subjecting the 
porous material to chemical treatment. In particular, 
it is preferable that the chemical treatment is 

15 oxidation treatment. 

Further, in the present invention, it is 
preferable that the columnar substance is aluminum, 
the matrix member is silicon, and the proportion of 
silicon to the structured material is in a range from 

20 20 atomic% to 70 atomic%. Further, in the present 
invention, it is preferable that the columnar 
substance is aluminum, the matrix member is germanium 
and the proportion of germanium to the structured 
material is in the range from 20 atomic% to 70 

25 atomic%. . 

Further, in the present invention, it is 
preferable that a main component of the porous 
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material is silicon or germanium. 

Further, in. the present invention, it is 
preferable that a diameter of a filler region of the 
columnar structured material is in a range from 0.5 
5 nm to 15 nm. Further, in the present invention, it 
is preferable that an interval between filler regions 
of the columnar structured material is in a range 
from 5 nm to 20 nm. 

Further, in the present invention, it is 
10 preferable that the columnar substance is a 

crystalline substance, and the matrix member is an 
amorphous substance. 

Further, in the present invention, it is 
preferable that the filler introduced into the holes 
15 of the porous material is a metal or a semiconductor. 

An electrode according to a third invention of 
the present application is an electrode having the 
columnar structured material according to the second 
invention, in which the filler is a conductive 
20 material, the conductive materials in at least a part 
of a plurality of holes being electrically connected 
to a conductor. 

A production method for a columnar structured 
material according to a fourth invention of the 
25 present application is characterized by including: a 
step of preparing a structured material in which 
columnar substances containing a first component are 
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dispersed in a matrix member containing a second 
component capable of forming a eutectic with the 
first component; a removing step of removing the 
columnar substances; and an introducing step of 
5 introducing a filler into columnar holes that are 
formed in a porous material in the removing step. 

A production method for a columnar structured 
material according to a fifth invention of the 
present application includes a removing step of 
10 removing the matrix member after the introducing step. 

In the present invention, it is preferable that 
the production method includes a step of subjecting 
the porous material to chemical treatment after the 
removing step. It is preferable that the chemical 
15 treatment is oxidation treatment. 

Further, in the present invention, it is 
preferable that the removing step is performed by- 
etching. 

Further, in the present invention, it is 
20 preferable that the introducing step is performed by 
electrodeposition . 

Further, in the present invention, it is 
preferable that the introducing step is performed by 
electroless deposition. 
25 Further, in the present invention, it is 

preferable that the introducing step is performed by 
catalytic reaction after forming a catalyst in a 
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bottom portion of the hole. 

A production method for an electrode having a 
columnar structured material according to a sixth 
invention of the present application is a production 
5 method for an electrode having a columnar structured 
material that is produced by the production method 
according to the fifth invention of the present 
application in which in the step of preparing a 
structured material, the structured material is 

10 formed on a substrate having a surface at least a 

part of which is a conductive surface, and the filler 
is a conductive material, 

A production method for an electrode having a 
columnar structured material according to a seventh 

15 invention of the present application is a production 
method for an electrode having a columnar structured 
material that is produced by the production method 
according to the fifth invention of the present 
application, which includes, between the introducing 

20 step and the removing step, a step of providing the 
porous material into which the filler is introduced 
onto a substrate having a surface at least a part of 
which is a conductive surface, and in which the 
filler is a conductive material. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic diagram showing an 
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example of a form in which columnar members are not 
surrounded by another material in a columnar 
structured material produced on a substrate according 
to the present invention. 
5 Fig. 2 is a schematic diagram showing an 

example of a form in which the columnar members are 
surrounded by another material in the columnar 
structured material produced on the substrate 
according to the present invention. 
10 Figs. 3A, 3B, 3C and 3D are schematic diagrams 

for explaining a production step of the columnar 
structured material according to the present 
invention. 

Fig. 4 is a schematic diagram of a sputtering 
15 target used in an example of the present invention. 
Fig. 5 is a schematic diagram showing a 
structure of an aluminum-silicon mixture film 
produced in the example. 

Fig. 6 is a schematic diagram showing an 
20 electrode having the columnar structured material 
produced on a substrate according to the present 
invention. 

Figs. 7A, 7B, 7C and 7D are schematic diagrams 
for explaining a production step of the electrode 
25 having the columnar structured material according to 
the present invention. 

Figs. 8A and 8B are schematic diagrams for 
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explaining two production steps of the electrode 
having the columnar structured material according to 
the present invention. 

Figs. 9A, 9B and 9C are schematic diagrams for 
• 5 explaining a production step for using the electrode' 
having the columnar structured material as a function 
electrode according to the example of the present 
invention. 

Fig: 10 is a schematic diagram for explaining 
10 an example of performing an electrochemical measuring 
method using the columnar structured material of the 
present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 
15 Hereinafter, embodiments of the present 

invention will be described with reference to the 
drawings . 

[Embodiment regarding columnar structured 
material] 

20 In the case where a film of a plurality of 

substances each included in a eutectic system is 
formed on a substrate by a method such as, for 
example, sputtering, respective components are 
independently present in the film without being mixed. 

25 In the case where film forming conditions and 

compositions of the substances are optimized for a 
specific material system, . given components are formed 
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into a columnar form having a minute diameter to form 
a structure in which the given components are 
dispersed within a matrix member of other components. 
The structure is a novel structured material 
5 discovered by the inventors of the present invention, 
in which columnar substances are present so as to 
penetrate from a substrate interface to a film 
surface. The diameter of one column of the formed 
columnar substances is in a range from 0.5 nm to 15 

10 nm. Also, the interval between the columnar 
substances is in a range from 5 nm to 20 nm. 

A specific example is used for explanation. In 
the case of producing a mixture film of aluminum and 
silicon on the substrate by sputtering, if the 

15 conditions are optimized, crystalline aluminum 

columns are formed in the matrix member of amorphous 
silicon. It is indicated by observation using a 
scanning electron microscope that aluminum is present 
in the film as a single column extending from the 

20 substrate interface to the film surface. The similar 
structure is verified to be formed using a mixture 
film of aluminum and germanium produced by - sputtering. 
The film thickness can be controlled by adjusting the 
period of time for sputtering. Even if the film 

25 thickness is increased, a columnar structure does not 
end at some midpoint as long as the sputtering is not 
interrupted. 



WO 2004/054924 



PCT/JP2003/015949 



According to this embodiment , a columnar 
structured material of a desired composition can be 
produced by removing the aluminum substances from the 
film containing the above aluminum substances and 
5 introducing a desired material into resultant holes. 
The columnar structured material of this 
embodiment has such a structure as schematically 
described in Fig. 1, for example. Columnar members 
15 are formed on a substrate 11 so as to be 

10 perpendicular to the substrate to structure the 

columnar structured material. In this embodiment, 
the columnar structured material may be present in 
either a state where each of the columnar members 15 
is not surrounded by another substance as shown in 

15 Fig. 1, or "a state where each of the columnar members 
15 is surrounded by a member 13 containing another 
substance as shown in Fig. 2. 

The substrate 11 basically has no limits of its 
material and its thickness. Various materials such 

20 as glass, a metal, a ceramic, a semiconductor, or an 
organic material can be used as the substrate 11. 
The columnar structured material 15 formed on the 
substrate is formed of a material such as a metal or 
a semiconductor. 

25 Hereinbelow, description will be made of a 

production method for the columnar structured 
. material by using sectional views and plan views of 
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Figs. 3A to 3D. Note that steps A to D correspond to 
Figs. 3A to 3D, respectively. 
(Step A) 

A target containing materials that form a 
5 eutectic system at an appropriate ratio is used to 
produce a thin film having a structure, in which a 
first component 12 of a columnar form are dispersed 
in the member (matrix member) 13 containing a second 
component, on the substrate 11 by. sputtering. Here, 

10 the second component that forms a eutectic with the 
first component is selected. The target used for 
this case may not necessarily be a mixture of the two 
components, and may be such a target as to have a 
substance superposed by another substance, and may 

15 also be a structure obtained by bonding the two 
materials so as to have a desired area ratio. 

For example, the film having the above- 
mentioned structure can be produced on the substrate 
by performing sputtering in a state where an 

20 appropriate amount of silicon wafer is superposed on 
an -aluminum target. 

Film formation is described by taking the 
sputtering as an example, but any film forming method 
that is capable of forming a similar structure can be 

25 applied to this embodiment. 
(Step B) 

The columnar substances are removed from the 
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structured material produced in step A to form a 
porous thin film. Wet etching is preferably used for 
the selective removal for the columnar substances. 
For example, in the case where the crystalline 
5 aluminum columns are formed in the amorphous silicon 
member, the etching by use of phosphoric acid or 
sulfuric acid can be used to remove only aluminum and 
produce holes 14 without changing the form of silicon 
(Step C) 

10 A desired material is introduced into the holes 

of the porous thin film produced in step B. In the 
case of using a substrate having a conductive surface 
a metal or the like can easily be introduced by an 
electrodeposition process. The electrodeposition 

15 process or the like may also be used to form a 

substance to be a catalyst at a bottom of the hole 
and form the desired material by action of the 
catalyst- Alternatively, before step A, the catalyst 
at the bottom of the hole may be formed on a 

20 substrate surface by a method such as vapor 

deposition. Here, the object material forming the 
columnar member may not be a single substance, but a 
plurality of materials having different compositions 
may also be contained,' for example, in one columnar 

25 member. 

Before performing processes subsequent to step 
C, in order to perform the subsequent processes with 
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ease, a step may be performed in which the porous 
thin film formed in step B is subjected to chemical 
treatment and properties of a porous material are 
changed. Specifically, the chemical treatment in 

.5 this case refers to oxidation treatment or the like. 

By performing step C, as shown in Fig. 2, the 
columnar structured material that is composed of the 
columnar members 15 formed of the object material and 
the member 13 is formed in the member that has 

10 surrounded the columnar substances in the original 
film. 
(Step D) 

This step is a step of removing the member 
(matrix member) 13 from the columnar structured 

15 material. This step is performed in order to obtain 
the columnar structured material of Fig. 1. In this 
step, only member components are selectively removed, 
and a structure .is formed in which the columnar 
members 15 that are not surrounded by any substances 

20 are arranged on the substrate 11. A process such as, 
for example, etching can be applied as the method of 
selectively removing the member components. For 
example, in the case where the silicon is a first 
member material and changed into silicon oxide in 

25 step C, etching using dilute hydrofluoric acid can 
preferably be applied. 

According to the above-mentioned steps, the 
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columnar structured material shown in Fig. 1 or 2 can 
be produced. 

Next, detailed description will be further made 
of the above-mentioned structured material in which 
5 given components are formed into a columnar form 

having a minute diameter and dispersed in the matrix 
member of other components. 

First, description is made of an experiment 
regarding to the above-mentioned structured material. 
10 (Experimental example: first material Al, second 
material Si) 

An aluminum microwire will be shown, in which 
an aluminum structured material portion surrounded by 
silicon has a columnar structure, a diameter 2r of 3 
15 nm, an interval 2R of 7 nm, and a length L of 200 ran. 

First, description will be made of a production 
method for an aluminum microwire. 

An aluminum- silicon mixture film containing 55 
atomic% of silicon with respect to the total amount 
20 of aluminum and silicon is formed into a thickness of 
approximately 200 nm on a glass substrate by RF 
magnetron sputtering. Used as the target was a 4- 
inch aluminum target on which .eight silicon chips 13 
of 15 mm square were arranged. Sputtering was 
25 performed using the RF power supply under conditions 
of an Ar flow rate: 50 seem, a discharge pressure: 
0.7 Pa, and a starting power: 1 kW. Also, a 
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temperature of the substrate was set to the room 
temperature . 

Note that the aluminum target on which the 
eight silicon chips were arranged was used here as 
5 the target. However, the number of the silicon chips 
is not limited thereto. The number changes depending 
on the sputtering conditions, and may be any number 
as long as the composition of the aluminum-silicon 
mixture film is approximately 55 atomic%. Also, the 
10 target was not limited to the aluminum target on 
which the silicon chips are arranged, and may be a 
silicon target on which aluminum chips are arranged, 
or a target obtained by sintering powder of silicon 
and aluminum. 

15 Next, the aluminum-silicon mixture film thus 

obtained was analyzed concerning the fractional 
amount (atomic%) of silicon with respect to the total 
amount of aluminum and silicon through an ICP 
(induction-coupled plasma, emission spectrometry) . As 

20 . a result, it was found that the fractional amount of 
silicon was about 55 atomic% with respect to the 
total amount of aluminum and silicon. Note that for 
the convenience of the measurement here, an aluminum- 
silicon mixture film deposited onto a carbon 

25 substrate is used for a substrate. 

The aluminum-silicon mixture film produced as 
described above was observed with an FE-SEM (field 
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emission scanning electron microscope) . The shape of 
the surface viewed from directly above the substrate 
was in such a condition that circular aluminum 
. nanostructured materials surrounded by silicon were 
5 arranged two-dimensionally . The hole diameter of the 
aluminum nanostructured material part was 3 rim, and 
the average center-to-center interval was 7 nm. In 
addition, when the cross section thereof was observed 
with the FE-SEM, the height of the film was 200 nm, 

10 and the respective aluminum nanostructured material 
parts are independent of one another. 

Further, when this sample was observed by an X- 
ray diffraction method, any peak of silicon 
exhibiting crystallinity could not be checked, and 

15 the silicon was amorphous. 

Accordingly, the aluminum-silicon 
nanostructured material could be structured, which 
included the aluminum microwire surrounded by silicon 
and had an interval 2R of 7 nm, a diameter 2r of 3 nm, 

20 and a length L of 200 nm. 
(Comparative example) 

Further, as a comparative sample A, the 
aluminum-silicon mixture film containing 15 atomic% 
of silicon with respect to the total amount of 

25 aluminum and silicon was formed on the glass 

substrate into a thickness of approximately 200 nm by 
sputtering. Used as the target was the 4 -inch 
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aluminum target on which two silicon chips 13 of 15 
ram square were arranged. The sputtering was 
performed using the RF power supply under conditions 
of an Ar flow rate: 50 seem, a discharge pressure: 
5 0.7 Pa, and a starting power: 1 kW. Also, the 
temperature of the substrate was set to the room 
temperature. 

The comparative sample A was observed with the 
FE-SEM (field emission scanning electron microscope) . 

10 The shape of the surface viewed from right above the 
substrate was in such a condition that an aluminum 
portion did not have a circular form but had a rope 
form. That is, the microstructured material in which 
the columnar structured materials of aluminum were 

15 uniformly dispersed within a silicon region could not 
be obtained. Further, the size was far larger than 
10 nm. Also, when the section was observed with the 
. FE-SEM, the width of the aluminum portion exceeded 15 
nm. Note that the aluminum-silicon mixture film thus 

20 obtained was subjected to an analysis of the 

fractional amount (atomic%) of silicon with respect 
to the total amount of aluminum and silicon through 
the ICP (induction-coupled plasma emission 
spectrometry) . As a result, the fractional amount of 

25 silicon with respect to the total amount of aluminum 
and silicon was approximately 15 atomic%. 

Further, as a comparative sample B, the 
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aluminum-silicon mixture film containing 75 atomic% 
of silicon with respect to the total amount of 
aluminum and silicon was formed on the glass 
substrate into a thickness of approximately 200 nm by 
5 sputtering. Used as the target was the 4-inch 

aluminum target on which fourteen silicon chips 13 of 
15 mm square were arranged. The sputtering was 
performed using the RF power supply under conditions " 
of an Ar flow rate: 50 seem, a discharge pressure: 

10 0.7 Pa, and a starting power: 1 kW. Also, the 

temperature of the substrate was set to the room 
temperature . 

The comparative sample B was observed with the 
FE-SEM (field emission scanning electron microscope) . 

15 In the sample surface viewed from right above the 

substrate, the aluminum portion could not be observed. 
Also, even when the section was observed with the FE- 
SEM, the aluminum portion could not be observed 
clearly. Note that the aluminum-silicon mixture film 

20 thus obtained was subjected to an analysis of the 
fractional amount (atomic%) of silicon with respect 
to the total amount of aluminum and silicon through 
the ICP (induction-coupled plasma emission 
spectrometry) . As a result, the fractional amount of 

25 silicon with respect to the total amount of aluminum 
and silicon was approximately 75 atomic%. 

Further, samples were each prepared only by 
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changing the condition of the number of the silicon 
chips compared to the case of producing the 
comparative sample A such that the proportions of 
silicon with respect to the total amount of the 
5 aluminum-silicon mixture were respectively 20 atomic% 
35 atomic%, 50 atomic%, 60 atomic%, and 70 atomic%. 
The following table shows the case where the 
microstructured material in which the columnar 
structured materials of aluminum were uniformly 
10 dispersed within a silicon region was obtained, which 
is represented by "Yes", and the case where the 
microstructured material was not obtained, which is 



represented by "No". 
(Table 1) 



Proportion of Silicon 
(atomic%) 


Microstructured 
Material 


15 (Comparative Example A) 


No 


20 


Yes 


25 


Yes 


35 


Yes 


50 


Yes . 


55 


Yes 


60 


Yes 


65 


Yes 


70 


Yes 


75 (Comparative Example B) 


No 



As shown in the table 1, the content of silicon 
with respect to the total amount of aluminum and 
silicon is adjusted to a range from 20 atomic% to 70 
atomic?;, thereby making it possible to control the 
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hole diameter of the produced aluminum nanostructured 
material and to produce the aluminum microwire 
superior in linearity. Note that for observation of 
the structure, the TEM (transmission electron 
5 microscope) or the like may be utilized as well as 
SEM. Note that the above-mentioned content was the 
same even when using germanium or the mixture of 
silicon and germanium instead of silicon described 
above . 

10 Further, as a comparative sample C, the 

aluminum-silicon mixture film containing 55 atoraic% 
of silicon with respect to the total amount of 
aluminum and silicon was formed on the glass 
substrate into a thickness of approximately 200 nm by 

15 sputtering. Used as the target was the 4-inch 

aluminum target on which eight silicon .chips 13 of 15 
mm square were arranged. . The sputtering was 
performed using the RF power supply under conditions 
of an Ar flow rate: 50 seem, a discharge pressure: 

20 0.7 Pa, and a starting power: 1 kW. Also, the 
temperature of the substrate was set to 250 °C. 

The comparative sample C was observed with the 
FE-SEM (field emission scanning electron microscope) . 
In the sample surface viewed from right above the 

25 substrate, the boundary between aluminum and silicon 
could not be observed clearly. That is, the aluminum 
nanostructured material could not be verified. In 



WO 2004/054924 



PCT/JP2003/015949 



- 29 - 

other words, under the substrate temperature being 
too high, the state becomes stabler, so that it is 
assumed that the film growth for forming the aluminum 
nanostructured material cannot be attained. 
5 Note that in order to obtain the structured 

material in which the columnar members are dispersed, 
it is also preferable that the composition of the 
target is set as Al:Si ='55:45 or the like. 

As described above, the above-mentioned 

10. structured material is structured by containing the 
first material (component) and the second material 
(component), and has the columnar member structured 
by containing the first material surrounded by a 
region formed by containing the second material. In 

15 the structured material, it is desirable that the 
proportion of the contained second material to. the 
total amount of the first material and the second 
material is in the range from 20 atomic% to 70 
atomic% . 

20 The above proportion is obtained as a 

proportion of the second material to the total amount 
of the first material and the second material that 
compose the structured material, and is in a range 
preferably from 25 atomic% to 65 atomic%, more 

25 preferably from 30 atomic% to 60 atomic% 

Note that any composition can be applied as 
long as the columnar form is substantially attained* 
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For example , the second material may be contained as 
a component of the columnar member, or the first 
material may be contained in the above-mentioned 
region. Also, a small amount of oxygen, argon, 
5 nitrogen, hydrogen, or the like may be contained in 
the columnar member or the region around the columnar 
member. 

The above proportion is obtained by, for 
example, a quantitative analysis using the induction- 

10 coupled plasma emission spectrometry. 

Examples of the first material include Al and 
Au. Examples of the second material include Si, Ge, 
SixGei-x, and C. In particular, the second material is 
desirably a material that can be amorphous. The 

15 first material and the second material are preferably 
materials having a eutectic point (so-called eutectic 
materials) in the phase equilibrium diagram of both 
component materials.. In particular, the eutectic 
point is preferably 300°C or higher, more preferably, 

20 400°C or higher. Note that preferable combinations 

of the first material and the second material include 
a case in which Al is used as the first material and 
Si is used as the second material, a case in which Al 
is used as the first material and Ge is used as the 

25 second material, and a case in which Al is used* as 

the first material and Si x Gei_ x (0 < x < 1) is used as 
the second material. 
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The region surrounding the columnar member is 
desirably amorphous. Also, the planar shape of the 
columnar member is desirably a circular shape or an 
elliptical shape. 
5 Diameters (a diameter in the case where the 

planar shape is the circular shape) of the columnar 
member can be controlled depending on the composition 
(that is, proportion of the second material) of the 
structured material. The average diameter is in a 

10 range from 0.5 nm to 50 nm, preferably from 0.5 nm to 
20 nm, more preferably from 0.5 nm to 15 nm. The 
diameter here is denoted by 2r in Fig. 5. Note that 
in the case of the elliptical shape, its largest 
outer diameter portion may be in the above range. 

15 The average .diameter here is a value obtained, for 
example, by de.riving a columnar portion observed in 
an actual SEM photograph (in a range of approximately 
100 nm x 70 nm) directly from the photograph or an 
image processed by a computer. Note that a lower 

20 limit of the average diameter depends on which device 
employs the structured material or which process is 
performed, and the practical lower limit is in a 
range of 1 nm or more or of several nm or more. Also, 
a center-to-center distance 2R (Fig. 5) between a 

25 plurality of columnar members is in a range from 2 nm 
to 30 nm, preferably from 5 nmto 20 nm, more 
preferably from 5 nm to 15 nm. Naturally, a lower 
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limit of the center-to-ceriter distance 2R needs to be 
at least as large as an interval enough to keep the 
columnar members from contacting each other. 
The structured material is preferably a 
5 structured material having a film form. In this case, 
the columnar members are dispersed in a matrix formed 
by containing the second material so as to be 
substantially perpendicular to an in-plane direction 
of the film surface. The structured material may be 

10 provided onto the substrate. The film thickness of 
the film-formed structured material is not 
particularly limited, but can be applied in a range 
from 1 run to 100 pm. With consideration given to a 
processing time or the like, the more realistic film 

15 thickness is approximately 1 nm to 1 pm. In 

particular, the columnar members are preferably 
maintained even with the fijjti thickness of 300 "nm or 
more . 

The substrate is not particularly limited, but 
20 examples of the substrate that can be used include an ■ 
insulating substrate of quartz glass or the like, a 
semiconductor substrate of silicon, gallium arsenide, 
phosphorus indium, indium phosphorus, or the like, 
and a metal substrate of aluminum or the like, and 
25 also include a flexible substrate (of, for example, a 
polyimide resin, or the like) if the structured 
material can be formed on a substrate serving as a 
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supporting member. 

The structured material can be produced using a 
method of forming a film in a non-equilibrium state. 
As the film forming method, sputtering is preferable, 
5 but a film forming method for forming a substance in 
an arbitrary non-equilibrium state such as resistance 
heating evaporation, electron-beam evaporation (EB 
evaporation), or ion plating can also be applied. In 
the case of performing sputtering, magnetron 

10 sputtering, RF sputtering, ECR sputtering, DC 

sputtering, or the like can be used. At the time of 
performing sputtering, a film is formed by setting 
the inside pressure of a reaction apparatus in an 
argon gas atmosphere to approximately 0.2 to 1 Pa. At 

15 the time of sputtering, the first material and the 
second material may be separately prepared, but a 
target material obtained by previously baking the 
first material and the second material at a desired 
ratio may alternatively be "used. 

20 The structured material formed on the substrate 

is formed at a substrate temperature in a range from 
20°C to 300°C, preferably 20°C to 200°C. 

By removing (etching or dry etching) the 
columnar member from the structured material, a 

25 porous material having a plurality of columnar holes 
is formed. Any kind of etching can be used as long 
as the columnar member can be selectively, removed. 
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Examples of an etchant preferably include acid such 
as phosphoric acid, sulfuric acid, hydrochloric acid, 
or nitric acid. The holes of the porous material 
formed by the removing process are preferably • 

5 independent of one another without being connected to 

» 

one another. By filling microholes of the porous 
material with various materials, elements and devices 
having various functions can be provided. Note that 
the filling of the functional material may be 

10 performed after subjecting the porous material 

obtained by removing the columnar members to chemical 
treatment or heat treatment (for example, oxidation 
treatment, nitriding treatment, or the like) . 
Naturally, in the case of oxidation or the like, th$ 

15 structured material having the microholes may be 

oxidized completely, or walls of the microholes can 
be mainly oxidized. 

Description has been made of the structured 
material used for the production of the columnar 

20 structured material, but naturally, the structured 

material can also be applied to an electrode having a 
columnar structured material described below. 

[Embodiment regarding electrode having columnar 
structured material] 

25 In the case where a film of a plurality of 

substances each included in a eutectic system is 
formed on a substrate by the method such as, for 
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example, sputtering , the respective components 
independently are present in the film without being 
mixed. In the case where the film forming conditions 
and compositions of the substances are optimized for 
5 a specific material system, given components are 

formed into a columnar form having a minute diameter 
to form the structure in which the given components 
are dispersed within the matrix member of other 
components. The structure is a novel structured 

10 material discovered by the inventors of the present 
invention, in which the columnar substances are 
present so as to penetrate from the substrate 
interface to the film surface. The diameter of each 
column of the formed columnar substances is in the 

15 range from 0.5 nm to 15 nm. Also, the interval 

between the columnar substances is in the range from 
5 nm to 20 nm. 

A specific example is given for explanation. In 
the case of producing the mixture film of aluminum 

20 and silicon on the substrate by sputtering, if the 
conditions are optimized, the crystalline aluminum 
columns are formed in the fine matrix member of 
amorphous silicon. It is indicated by the 
observation using the scanning electron microscope 

25 that aluminum is present in the film as the single 

columns extending from the substrate interface to the 
film surface. The similar structure is found to be 
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formed using the mixture film of aluminum and 
germanium produced by sputtering. The film thickness 
can be controlled by adjusting the sputtering time. 
Even if the film thickness is increased, the columnar 
5 structure does not end in its middle as long as the 
sputtering is not interrupted. 

According to this embodiment, the columnar 
structured material of a desired composition can be 
produced by removing the columnar substances from the 

10 film containing the above columnar substances, 

• introducing a desired material into resultant holes, 
and electrically connecting at least a part of the 
material to a conductive material. 

An example of an electrode having the columnar 

15 structured material of this embodiment is 

schematically shown in Fig.. 6. In its structure, a 
conductive material (conductor) 16 is on a substrate 
11, and the columnar members 15 that are 
perpendicular to the conductive material 16 and have 

20 substantially the same diameter are connected onto 

the conductive material 16. In this embodiment, each 
of the columnar members 15 is not surrounded by 
another substance as shown in Fig. 6. 

The substrate 11 is basically not limited 

25 regarding its material and its thickness. Various 
materials such as glass, a metal, a ceramic, a 
semiconductor, or an organic material can be used as 
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the substrate 11. The columnar members 15 and the 
conductive material 16 that are formed on the 
substrate 11 are formed of a material such as a metal 
or a semiconductor. In this case, the columnar 
5 members and the conductive material may formed of the 
same material , and the conductive material and the 
substrate may also be formed of the same material, 
which can easily be switched depending on the 
application purpose or production method. 

10 Hereinbelow, description will be made of a 

production method for the electrode having the 
columnar structured material by using sectional views 
and plan views of Figs. 7A to 7D. Note that steps A 
to D correspond to Figs. 7A to 7D, respectively. 

15 (Step A) 

The target containing materials forming a 
eutectic system at an appropriate ratio is used to 
produce the thin film having a structure, in which 
the first component 12 having a columnar form are 

20 dispersed in the member 13 containing the second 
component, on the substrate .11 on which the 
conductive material 16 is superposed by sputtering. 
Here, the second component that forms a eutectic with 
the first component is selected. The target used for 

25 this case may not necessarily be the mixture of the 
two components but may.be such a target as to have a 
substance superposed by- another substance, and may 
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also be a structure obtained by bonding the two 
substances so as to have a desired area ratio. 

For example, the film having the above- 
mentioned structure can be produced on the conductive 
5 material by performing sputtering in the state where 
an appropriate amount of silicon wafer is superposed 
on an aluminum target. 

Film formation is described by taking the 
sputtering as an example, but any film forming method 
10 that is capable of forming a similar structure can be 
applied to this embodiment. 
(Step B) 

The columnar substances are removed from the 
structured material produced in step A to form the 

15 porous thin film. Wet etching is preferably used for 
the selective removal of the. columnar substances . 
For example, in the case where the crystalline 
aluminum columns are formed in the amorphous silicon 
member, the etching by use of phosphoric acid or 

20 sulfuric acid can be used to remove only aluminum to 
produce the holes 14 without changing the form of 
silicon. 
(Step C) 

A desired material is introduced into the holes 
25 of the porous thin film produced in step B. In the 
case of using a substrate having a conductive 
material, a metal or the like can easily be 
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introduced by the electrodeposition process. The 
electrodeposition process may also be used to form 
the substance to be a catalyst at the bottom of the 
hole and form the desired material by the action of 
5 the catalyst. Alternatively, before step A, the 

catalyst at the bottom of the hole may be formed on 
the substrate surface by the method such as vapor 
deposition. Here, the desired material forming the 
columnar structured material may not be a single 

10 substance, but a plurality of materials having 

different compositions may also be contained, for 
example, in one columnar structured material. 

Before performing processes subsequent to step 
C, in order to perform the subsequent processes with 

15 ease, a step may be performed in which the porous 
thin film formed in step B is subjected to chemical 
treatment and the properties of a porous material are 
changed. Specifically, the chemical treatment in 
this case refers to oxidation treatment or the like. 

20 By performing step C, the columnar structured 

material that is composed of the columnar members 15 
formed of the desired material and the member 13 is 
formed in the member that has surrounded the columnar 
substances in the initial film. 

25 (Step D) 

This step is a step of removing the member 
(matrix member) 13 from the columnar structured 



WO 2004/054924 



PCT/JP2003/015949 



- 40 - 

material. In this step, only the member components 
are selectively removed, and a structure is formed in 
which the columnar members 15 that are not surrounded 
by any substances are arranged on the substrate. The 
5 process such as, for example, etching can be applied 
as the method of selectively removing the member 
components. For example, in the case where the 
silicon is the initial member material and 
subsequently changed into silicon oxide in step C, 

10 etching using dilute hydrofluoric acid can preferably 
be applied. 

Here, in addition to the method using the 
conductive material that is previously provided onto 
the substrate as shown in Fig. 8A, it is also 

15 possible to produce a conductive material that is 
provided to the substrate from the opposite side as 
shown in Fig. 8B. The production method thereof can 
be changed based on the application purpose. 

With the above-mentioned steps, the electrode 

20 having the columnar structured material shown in Fig. 
6 can be produced. 

In order to electrochemically use this 
electrode having the columnar structured material, an 
electrode area needs to be set to a desired value. 

25 For this purpose, the electrode may be processed into 
a desired size, or the region outside a region 
involved with the measurement may be covered with an 
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insulator. As the latter case of forming the 
insulator, a technique such as vapor deposition is 
preferably used, but other techniques including a 
method of completely wrapping the region with a resin 
5 such as an adhesive can also preferably be used. 
[EXAMPLES] 

Hereinafter, examples of the present invention 
will be described with reference to the drawings . 
[Examples regarding columnar structured 
10 material] 

(Example 1) 

This example relates to an example in which 
aluminum and silicon are used as materials which form 
a eutectic, gold columnar microstructured materials 

15 are formed through electrodeposition in microholes of 
porous oxidized silicon that is obtained in such a 
manner that aluminum columns in a film are removed to 
obtain a porous silicon film, which is thereafter 
further oxidized, and then oxidized silicon in the 

20 vicinity is removed. 

Through RF magnetron sputtering , an aluminum- 
silicon mixture film- was formed into a thickness of 
200 nm on a silicon substrate having 20 nm of 
tungsten deposited thereon. Fig. 4 schematically 

25 shows a target used. As shown in the drawing, the 
target is composed of six silicon chips 43 of 15 mm 
square arranged on 4 inches of an aluminum target 42 



WO 2004/054924 



PCT/JP2003/015949 



- 42 - 

on a backing plate. The sputtering was performed 
using the RF power supply under conditions of an Ar " 
flow rate: 50 seem, a discharge pressure: 0.7 Pa, and 
a starting power: 300 W. In addition, the substrate 
5 temperature was set to the room temperature. 

Here, as the target, one having six silicon 
chips arranged on an aluminum target was used. 
However, the number of the silicon chips is not 
limited thereto because it varies according to the 

10 sputtering conditions, and any number may be used as 
long as a desired structure can be formed with 
aluminum columns being dispersed in silicon, as 
described below. In addition, the target is not 
limited to one having silicon chips arranged on an 

15 aluminum target, and it may be one having aluminum 
chips arranged on a silicon target, or a target 
obtained by baking silicon and aluminum powders may 
be used. 

Further, the RF sputtering was used as a 
20 sputtering method here. However, the sputtering 
method is not limited thereto, and may be an ECR 
sputtering method, a DC sputtering method, or an ion 
beam sputtering method. Further, the sputtering 
conditions depend on an apparatus and are not limited 
25 thereto. In addition, even among vapor deposition 

methods other than the sputtering method, any methods 
with which a desired structure can be formed may be 
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applied to the present invention. 

Next, the aluminum-silicon mixture film thus 
obtained was analyzed concerning the fractional 
amount (atomic%) of silicon with respect to the total 
5 amount of aluminum and silicon through ICP 

(induction-coupled plasma emission spectrometry) . As 
a result, it was found that the fractional amount of 
silicon was about 37 atomic% with respect to the 
total amount of aluminum and silicon. 

10 The aluminum-silicon mixture film produced as 

described above was observed with a field emission 
scanning electron microscope (FE-SEM) . As shown in 
Fig. 5, the shape of the surface obliquely viewed' 
from directly above the substrate was in such a 

15 condition that substantially circular aluminum 

microcolumns surrounded by silicon 52 were arranged 
two-dimensionally. The average hole diameter of the 
aluminum column parts, which was found through image 
processing was 5 nm, and the average center-to-center 

20 interval was 10 nm. In addition, when the cross 
section thereof was observed with the FE-SEM, the 
height of the film was 200 nm, and the respective 
aluminum column parts were independent of each other. 
In addition, when this thin film sample was 

25 analyzed through an X-ray diffraction method, any 

diffraction line of silicon was not verified, and it 
was found that silicon was amorphous. On the other 
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hand, a plurality of diffraction lines of aluminum 
were verified, and it was therefore found that 
aluminum was polycrystalline . 

Based on the above, production of the aluminum- 
5 silicon structured material thin film was verified, 
which contained crystalline aluminum columns whose 
vicinities were surrounded by amorphous silicon and 
which had an interval 2R of 10 nm, a diameter 2r of 5 
nm, and a height L of 200 nm. 

10' This aluminum-silicon structured material thin 

film was immersed in 98% sulfuric acid for 24 hours, 
and etching was selectively performed for the 
aluminum columnar structure parts to form microholes. 
As a result of the observation with the FE-SEM for 

15 the film after the etching, it was verified that only 
the aluminum columns 51 shown in Fig. 5 were removed, 
and the film became porous. It was found that the 
shape of the silicon part was not substantially 
changed as compared with its state before the 

20 aluminum removal. In this case as well, when the 
cross section thereof was observed with the FE-SEM, 
it became apparent that* aluminum was completely 
removed up to the substrate interface. By following 
the above steps, the porous silicon film having on 

25 the substrate through holes perpendicular to the 
substrate could be produced. 

Finally, the produced porous silicon film was 
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heated in an oxygen atmosphere. Here, the heating 
was performed at 800°C for 2 hours while oxygen was 
allowed to flow at 50 seem under an atmospheric 
pressure. As a result, a porous oxidized silicon 
5 thin film was formed. The formation of oxidized 
silicon was verified with extended electron energy 
loss spectroscopy (EELS) . As a result of the 
observation with the FE-SEM for the porous film after 
the oxidation processing, little change was 

10 recognized in the microhole diameter. 

Next, gold columnar structured materials were 
produced through electrodeposition (electroplating) 
in the microholes of the porous film produced as 
described above. The porous oxidized silicon thin 

15 film produced in the above steps was put in a 
commercially available electroplating solution 
(electroplating solution for gold produced by Kojundo 
Chemical Laboratory Co., Ltd.; product code: K-24E) , 
and the electrodeposition was performed at a current 

20 density of 0.5 A/dm 2 in an acid bath kept at 40 °C (pH 
= 4.5) . 

The film after being subjected to the gold 
electrodeposition was rinsed with pure water, and 
thereafter the surface and the cross section thereof 
25 were observed with the FE-SEM. As a result, it was 
verified that gold is introduced into the microholes 
uniformly, and a columnar structure was formed. 
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This film was further immersed in 2% 
hydrofluoric acid to remove oxidized silicon present 
in the vicinity of gold. The completion of the 
oxidized silicon etching removal can be verified at 
5 the time when the surface changes to become 
hydrophobic after the fluoride processing is 
completed. As a result of the observation with the 
FE-SEM for the silicon substrate after the oxidized 
silicon removal, it was verified that the gold 
10 columnar microstructured materials were formed on the 
surface at a high density. 
(Example 2) 

This example relates to an example in which 
aluminum and germanium are . used as materials which 

15 form a eutectic, and microholes of a porous germanium 
that is obtained by removing aluminum columns in a 
film is filled with nickel through electrodeposition 
followed by electroless deposition. 

Through the RF magnetron sputtering, an 

20 aluminum-germanium mixture film was formed into a 

thickness of 200 nm on a silicon substrate having 20 
nm of. tungsten deposited thereon. A target used has 
the same structure as that used in Example 1 1, which 
is shown in Fig. 4, and instead of the silicon chips 

25 of Example 1, germanium chips are arranged thereon. 
In this example, four germanium chips were arranged 
on an aluminum target. The sputtering was performed 
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using the RF power supply under conditions of an Ar 
flow rate: 50 seem, a discharge pressure: 0.7 Pa, and 
a starting power: 1 kW. In addition, the substrate 
temperature was set to the room temperature. 
5 Here, as the target, one having four germanium 

chips arranged on an aluminum target was used. 
However, the number of the germanium chips is not 
limited thereto because it varies according to the 
sputtering conditions, and any number may be used as 

10 long as a desired structure can be formed with 

aluminum columns being dispersed in germanium, as 
described below. In addition, the target is not 
limited to one having germanium chips arranged on an 
. aluminum target, and it- may be one having aluminum 

15 chips arranged on a germanium target, or a target 

obtained by baking germanium and aluminum powders may 
be used. 

Further, the RF sputtering was used as a 
sputtering method here. However, the sputtering 

20 method is not limited thereto , and may be the ECR 
sputtering method, the DC sputtering method, or the 
ion beam sputtering method. Further, the sputtering 
conditions depend on an apparatus and are not limited 
thereto. In addition, even among vapor deposition 

25 methods other than the sputtering method, any methods 
with which a desired structure can be formed may be 
applied to the present invention. 
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Next, the aluminum-germanium mixture film thus 
obtained was analyzed concerning the fractional 
amount (atomic%) of germanium with respect to the 
total amount of aluminum and germanium through the 
5 ICP (induction-coupled plasma emission spectrometry) . 
As a result, it was found that the fractional amount 
of germanium was about 37 atomic% with respect to the 
total amount of aluminum and germanium. 

The aluminum-germanium mixture film produced as 

10 described above was observed with the field emission 
scanning electron microscope (FE-SEM) . Similarly to 
the shape shown in Fig. 5 in Example 1, the shape of 
the surface obliquely viewed from directly above the 
substrate was in such a condition that substantially 

15 circular aluminum microcolumns surrounded by 

germanium members were arranged two-dimensionally . 
The average hole diameter 2r found by performing 
image processing on the aluminum column parts was 10 
nm, and the average center-to-center interval 2R was 

20 15 nm. In addition, when the cross section thereof 
was observed with the FE-SEM, the height of the film 
l/as 200 nm, and the respective aluminum column parts 
were independent of each other. 

In addition, when this thin film sample was 

25 analyzed through the X-ray diffraction method, any 
diffraction line of germanium was not verified, and 
it was found that germanium was amorphous. On the 
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other hand, a plurality of diffraction lines of 
aluminum were verified, and it was therefore found 
that aluminum was polycrystalline. 

Based on the above, production of the aluminum- 
5 germanium structured material thin film was verified, 
which contained crystalline aluminum columns whose 
vicinities were surrounded by amorphous germanium and 
which had the interval 2R of 15 nm, the diameter 2r 
of 10 nm, and a height L of 200 nm. 

10 This aluminum-germanium structured material 

thin film was immersed in 98% sulfuric acid for 24 
hours, and etching was selectively performed for the 
aluminum columnar structure parts to form microholes. 
As a result of the observation with the FE-SEM for 

15 the film after the etching, it was verified that only 
the aluminum columns were removed, and the film 
became porous. It was found that the shape of the 
germanium part was not substantially changed as 
compared with its state before the aluminum removal. 

20 In this case as well, when the cross section thereof 
was observed with the FE-SEM, it became apparent that 
aluminum was completely removed up to the substrate 
interface. By following the above steps, the porous 
germanium film having on the substrate the through 

25 holes perpendicular to the substrate could be 
produced. 

Next, nickel columnar structured materials were 
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produced through electrodeposition followed by 
electroless deposition in the microholes of the 
porous film produced in the above-mentioned manner. 
First, an alternating current (35 V, 50 Hz) 
5 electrolysis was performed in an electrolytic 

solution composed of 0.14 M NiS0 4 and 0.5 M H 3 B0 3 to 
deposit nickel at the bottom of the microholes. 
After that, an Ni electroless deposition bath 
composed of 0.1 M NiS0 4 , 0.24 M NaPH 2 0 2 , and 0.1 M 

10 Na 4 P207 was used to form nickel deposition layers over 
the entirety of the microholes. In this process, it 
is conceivable that nickel previously deposited at 
the bottom of the microholes through the alternating 
current electrolysis functions as a catalyst, and 

15 rapid filling of nickel into the microholes occurs. 

As a result of the observation with the FE-SEM • 
for the surface and the cross section of the thin 
film after the nickel filling, it was verified that 
the microholes were uniformly filled with nickel. 

20 As described above, this example shows that the 

nickel columnar structured materials can be produced 
in the amorphous germanium film at a high density. 
(Example 3) 

This example relates to an example in which 
25 aluminum and silicon are used as materials which form 
a eutectic, aluminum columns in a film are removed to 
obtain a porous silicon film, which is thereafter 
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subjected to oxidation processing to obtain a porous 
oxidized silicon film, gold deposition is formed at 
the bottom of microholes through electrodeposition, 
and crystalline silicon columnar structured materials 
5 are produced through a catalytic reaction using gold * 
as a catalyst. 

' First, an aluminum-silicon mixture film, which 
is the same as that produced in Example 1, was formed 
on a silicon substrate having 20 nm of tungsten 

10 deposited thereon under the same conditions as those 
of Example 1. Etching processing with 98% sulfuric 
acid was performed on this film under the same 
conditions as those of Example 1 to selectively 
remove aluminum. Further, the porous oxidized 

15 silicon film thus obtained was thermally oxidized 
under the same conditions as those of Example 1 to 
obtain the porous oxidized silicon film. By use of 
evaluation means similar to those of Example 1 such 
as the observation with the FE-SEM, it was verified 

20 that the porous oxidized silicon film similar to that 
of Example 1 was formed. 

Gold was introduced into the bottom of the 
microholes through electrodeposition. The 
electrodeposition was performed at a current density 

25 of 0.3 A/ dm 2 for 5 seconds by using the same plating 
solution as that of Example 1. The substrate after 
the electrodeposition was thoroughly rinsed with pure 
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water and then dried. 

Subsequently, the substrate having thereon this 
oxidized silicon film that had gold held at the 
bottom of the microholes was retained in a silica 
5 tube, and after reducing the pressure to 13*3 Pa or 
lower, the substrate was heated to 440 °C in an Ar gas 
stream. Subsequently, a mixture gas of helium gas 
mixed with 10% silane gas was supplied for 60 seconds 
at a flow rate of 50 seem. After stop of the silane 

10 gas supply, the sample substrate was taken out when 
the temperature decreased to a room temperature after 
slow cooling. 

The cross section of the sample thin film after 
performing the above steps was evaluated with the FE- 

15. SEM.. As a result, it became apparent that the 

silicon microstructured materials were formed in the • 
microholes. It was verified through an X-ray 
• diffraction analysis or the like that this silicon 
was highly crystallized. In this case, it is 

20 conceivable that gold at the bottom of the microholes 
functions as a catalyst, and crystalline silicon is 
formed owing to a Vapor-Liquid-Solid (VLS) mechanism. 
By following the above steps, the crystalline silicon 
columnar structured materials could be formed in 

25 porous oxidized silicon. 

Removal of oxidized silicon was performed with 
a 2% hydrofluoric acid solution similarly to Example 
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1 on the substrate in which the silicon formation in 
the microholes was performed. As a result of the 
observation with the FE-SEM for the substrate after 
the removal of oxidized silicon, aggregations of the 
5 silicon columnar structured materials were observed 
on the substrate at a high density, and thus the 
formation of the silicon columnar structured 
materials on the substrate through the above steps 
was verified, 

10 . [Examples regarding electrode having columnar 

structured material] 
(Example 4) 

This example relates to an example in which a 
silicon substrate having platinum thereon is used as 

15 a substrate, aluminum and silicon are used as 

mate'rials which form a eutectic, platinum columnar 
microstructured materials are formed through 
electrodeposition in microholes of porous oxidized 
silicon that is obtained in such a manner that 

20 aluminum columns in a film are removed to obtain a 
porous silicon film, which is thereafter further 
oxidized, and then oxidized silicon in the vicinity 
is removed to obtain an electrode having columnar 
structured materials . 

25 Through the RF magnetron sputtering, an 

aluminum-silicon mixture film was formed into a 
thickness of 200 nm on a silicon substrate having 50 
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nm of platinum deposited thereon. Fig, 4 
schematically shows a target used. As shown in the 
drawing, the target is composed of the six silicon ■ 
chips 43 of 15 mm square arranged on 4 inches of the 
5 aluminum target 42 on a backing plate. The 

sputtering was performed using the RF power supply 
under conditions of the Ar flow rate: 50 seem, the 
discharge pressure: 0.7 Pa, and the starting power: 
300 W. In addition, the substrate- temperature was 

10 set to the room temperature. 

Here, as the target, one having six silicon 
chips arranged on an aluminum target was used. 
However, the number of the silicon chips is not 
limited thereto because it varies according to the 

15 sputtering conditions, and any number may be used as 
long as a desired structure can be formed with 
aluminum columns being dispersed in silicon, as 
described below. In addition, the target is not 
limited to one having silicon chips arranged on an 

20 aluminum target, and it may be one having aluminum 
chips arranged on a silicon target, or a target 
obtained by baking silicon and aluminum powders may 
be used. 

Further, the RF sputtering was used as a 
25 sputtering method here. However, the sputtering 
method is not limited thereto, and may be the ECR 
sputtering method, the DC sputtering method, or the 
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ion beam sputtering method. Further , the sputtering 
conditions depend on an apparatus and are not limited 
thereto. In addition, even among vapor deposition 
methods other than the sputtering method, any methods 
5 with which a desired structure can be formed may be 
applied to the present invention. 

Next, the aluminum- silicon mixture film thus 
obtained was analyzed concerning the fractional 
amount (atomic%) of silicon with respect to the total ' 

10 amount of aluminum and silicon through the ICP 

(induction-coupled plasma emission spectrometry) . As 
a result, it was found that the fractional amount of 
silicon was about 37 atomic% with respect to the 
total amount of aluminum and silicon. 

15 The aluminum-silicon mixture film produced as 

described above was observed with the field emission 
scanning electron microscope (FE-SEM) . As shown in 
Fig. 5, the shape of the surface obliquely viewed 
from directly above the substrate was in such a 

20 condition that substantially circular aluminum 

microcolumns surrounded by silicon 52 were arranged 
two-dimensionally . The average hole diameter of the 
aluminum column parts, which was found through image 
processing was 5 nm, and the average center-to-center 

25 interval was 10 nm. In addition, when the cross 
section thereof was observed with the FE-SEM, the 
height of the film was 200 nm, and the respective 



WO 2004/054924 



PCT/JP2003/015949 



- 56 - 

aluminum column parts were independent of each other. 

In addition , when this thin film sample was 
analyzed through the X-ray diffraction method, any 
diffraction line of silicon was not verified, and it 
5 was found that silicon was amorphous. On the other 
hand, a plurality of diffraction lines of aluminum 
were verified, and it was therefore found that 
aluminum was polycrystalline. 

Based on the above, production of the aluminum- 

10 silicon structured material thin film was verified, 
which contained crystalline aluminum columns whose 
vicinities were surrounded by amorphous silicon and 
which had an interval 2R of 10 nm, a diameter 2r of 5 
nm, and a height L of 200 nm. 

15 This aluminum-silicon structured material thin 

film was immersed in 98% sulfuric acid for 24 hours, 
and etching was selectively performed for the 
aluminum columnar structure parts to form microholes. 
As a result of the observation with the FE-SEM for 

20 the film after the etching, it was verified that only 
the aluminum columns 51 shown in Fig. 5 were removed, 
and the film became porous. It was found that the 
shape of the silicon part was not substantially 
changed as compared with its state before the 

25 aluminum removal. In this case as well, when the 
cross section thereof was observed with the FE-SEM, 
it became apparent that aluminum was completely 
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removed up to the substrate interface. By following 
the above steps , the porous silicon film having on 
the substrate the through holes perpendicular to the 
substrate could be produced* 
5 The porous silicon film produced in this way 

was heated in an oxygen atmosphere. Here, the 
heating was performed at 800 °C for 2 hours while 
oxygen was allowed to flow at 50 seem under an 
atmospheric pressure. As a result, a porous oxidized 

10 silicon thin film was formed. The formation of 
oxidized silicon was verified with the extended 
electron energy loss spectroscopy (EELS) . As a 
result of the observation of with the FE-SEM for the 
porous film after the oxidation processing, little 

15 change was recognized in the microhole diameter. 

Next, platinum columnar structured materials 
were produced through the electrodeposition 
. (electroplating) in the microholes of the porous film 
produced as described above. The porous oxidized 

20 silicon thin film produced in the above steps was put 
in a commercially available electroplating solution 
(electroplating solution for gold produced by Kojundo 
Chemical Laboratory Co., Ltd.; product code: PT-100E) , 
and the electrodeposition was performed at a current 

25 density of 1.5 A/dm 2 in an acid bath kept at 70°C (pH 
= 0.1) . 

The film after the platinum electrodeposition 
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was rinsed with pure water, ■ and thereafter the 
surface and the cross section thereof were observed 
with the FE-SEM. As a result, it was verified that 
platinum was introduced into the microholes uniformly, 
5 and a columnar structure was formed. 

This film was further immersed in 2% 
hydrofluoric acid to remove oxidized silicon present 
in the vicinity of platinum. As a result of the 
observation with the FE-SEM for the silicon substrate 

10 after the oxidized silicon removal, it was verified 
that the platinum columnar microstructured materials 
were formed on the surface at a high density. 

Next, description will be made of a production 
procedure as a processing method of using the 

15 produced electrode as an acting electrode in an 

electrolytic solution while referring to Figs. 9A to 
9C, and description will be made of a measurement 
method with reference to Fig. 10. 

As shown in Fig. 9A, in order to use the 

20 produced electrode having the columnar structured 
materials as an acting electrode, first, an area 
other than a measurement area was covered with an- 
insulator. Si0 2 is used for an insulating film, and a 
sputtering method was employed as the covering method. 

25 An Ni mask 65 with $6 mm was set on the electrode 
having the columnar structured materials such that 
the measurement area had $6 mm, which is the same 
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size as a commercially available platinum disk 
electrode used for comparison (manufactured by BAS 
Inc.; an electrode diameter: $6 mm; model No. 11- 
2013) , and further an Ni mask 66 was set on a part of 

. 5 the area other than the above area to secure 

conduction of the surface. With these masks applied, 
thereon, sputtering of Si0 2 with 300 nm was then 
performed. By following the" above steps, the 
electrode was produced including a $6 mm effective 

10 area and being covered with Si0 2 in the area other 
than the lead wire connection part. 

Next, as shown in Fig. 9B, a conductive tape' 62 
manufactured by 3M Company was attached to a 
conductive part for the lead wire connection that was 

15 previously covered with the mask 66 on this electrode, 
resulting in a- lead wire. The conductive tape was 
also attached to the entirety of the rear side of the 
substrate. 

Further, as shown in Fig. 9B, a kapton tape 63 
20 to be attached to the side where the electrode was 
formed, which has the kapton tape attached to the 
entirety thereof, has a hole with $6 mm at the object 
electrode part in order that the conductive tape is 
electrically insulated, and the rear side thereof was 
25 entirely covered with the kapton tape. '* 

Subsequently, a filament tape 64 manufactured 
by 3M Company was attached to fix the kapton tape. 



WO 2004/054924 



PCT/JP2003/015949 



- 60 - 

The filament tape also has a hole with $6 mm on the 
electrode formation side at the object electrode part* 
Fig. 9C is a diagram thereof viewed from the above. 
Further, a reagent used in the electrochemical 
5 measurement at this time is potassium 

hexacyanoferrate (II), which is used for observing a 
general oxidation-reduction response. 

This electrode having the columnar ' structured 
materials was used as an acting electrode 73, and a 

10 current response was measured using a CV (cyclic 

voltammetry) method. At this time, a platinum wire 
was used for. a counter electrode 72, and Ag/AgCl was 
used for a reference electrode 71. A 10 mM potassium 
hexacyanoferrate (II) aqueous solution as an 

15 electroplating solution 75 was poured in a beaker 74 
to perform the measurement. At this time, 1.0 M 
potassium chloride was used for a supporting 
electrolyte. An oxidation peak current value and a 
reduction peak current value were both about 2.5 

20 mA/cm 2 ; as compared with peak current values when 
using a commercially available platinum disk 
electrode, the values of the electrode having the 
columnar structured materials were increased by about 
25%. It is conceivable that this is based on an 

25 effect of increase in the surface area owing to the 
formation of the columnar structure, and it is 
suggested that this is useful for "a high-sensitive 
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detection. 
(Example 5) 

This example relates to an example in which a 
silicon substrate having gold thereon is used as a 
5. substrate, aluminum and germanium are used as 

materials which form a eutectic, and gold is filled, 
through electrodeposition followed by electroless 
deposition, in microholes of a porous germanium that 
is obtained by removing aluminum columns in a film. 

10 Through the RF magnetron sputtering, an 

aluminum-germanium mixture film was formed into a 
thickness of 200 nm on a silicon substrate having 
gold deposited thereon at 50 nm. A target used has 
the same structure as that used in Example 4, which 

15 is shown in Fig. 4; instead of the silicon chips of 
Example 4, germanium chips are arranged. In this 
example, four germanium chips were arranged on an 
aluminum target. The sputtering was performed using 
the RF power supply under conditions of an Ar flow 

20 rate: 50 seem, a discharge pressure: 0.7 Pa, and a 
starting power: 1 kW. In addition, the substrate 
temperature was set to the room temperature. 

Here, as the target, one having four germanium 
chips arranged on an aluminum target was used. 

25 However, the number of the germanium chips is not 
limited thereto because it varies according to the 
sputtering conditions, and any number. may be used as 
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long as a desired structure can be formed with 
aluminum columns being dispersed in germanium, as 
described below. In addition, the target is not 
limited to one having germanium chips arranged on an 
5 aluminum target , and it may be one having aluminum 
chips .arranged on a germanium target, or a target 
obtained by baking germanium and aluminum powders may 
be used. 

Further, the RF sputtering was used as a 

10 sputtering method here. However, the sputtering 
method is not limited thereto, and may be the ECR 
sputtering method, the DC sputtering method, or the 
ion beam sputtering method. Further, the sputtering 
conditions depend on an apparatus and are not limited 

15 thereto. In addition, even among vapor deposition 

methods other than the sputtering method, any methods 
with which a desired structure can be formed may be 
applied to the present invention. 

Next, the aluminum-germanium mixture film thus 

20 obtained was analyzed concerning the fractional 
amount (atomic%) of germanium with respect to the 
total amount of aluminum and germanium through the 
ICP (induction-coupled plasma emission spectrometry) . 
As a result, it was found that the fractional amount 

25 of germanium was about 37 atomic% with respect to the 
total amount- of aluminum and germanium. 

The aluminum-germanium mixture film produced as 
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described above was observed with the field emission 
scanning electron microscope (FE-SEM) . Similarly to 
the shape shown in Fig* 5 in Example 4, the shape of 
the surface obliquely viewed from directly above the 
5 substrate was in such a condition that substantially 
circular aluminum microcolumns surrounded by 
germanium members were arranged two-dimensionally . 
The average hole diameter 2r found by performing 
image processing for the aluminum column parts was 10 

10 nm, and the average center-to-center interval 2R was 
15 nm. In addition, when the cross section thereof 
was observed with the FE-SEM, the height of the film 
was 200 nm, and the respective aluminum column parts 
were independent of each other. In addition, when 

15 this thin film sample was analyzed through the X-ray 
diffraction method, any diffraction line of germanium 
was not verified, and it was found that germanium was 
amorphous. On the other hand, a plurality of 
diffraction lines of aluminum were verified, and it 

20 was therefore found that aluminum was polycrystalline . 

Based on the above, production of the aluminum- 
germanium structured material thin film was verified, 
which contained crystalline aluminum columns whose 
vicinities were, surrounded by amorphous germanium and 

25 which had the interval 2R of 15 nm, the diameter 2r 
of 10 nm, and a height L of 200 nm. 

This aluminum-germanium structured material 
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thin film was immersed in 98% sulfuric acid for 24 
hours, and etching was selectively performed for the 
aluminum columnar structure parts to form microholes. 
As a result of the observation with the FE-SEM for 
5 the film after the etching, it was verified that only 
the aluminum columns were removed, and the film 
became porous. It was found that the shape of the 
germanium part was not substantially changed as 
compared with its state before the aluminum removal. 

10 In this case as well, when the cross section thereof 
was observed with the FE-SEM, it became apparent that 
aluminum was completely removed up to the substrate 
interface. By following the above steps, the porous 
germanium film having on the substrate the through 

15 holes perpendicular to the substrate could be 
produced . 

Next, gold columnar structured materials were . 
produced through electrodeposition followed by 
electroless deposition in the microholes of the 

20 porous film produced in the above-mentioned manner . 
First, an alternating current (35 V, 50 Hz) 
electrolysis was performed in an electrolytic 
solution composed of 0.14 M NiS0 4 and 0.5 M H 3 B0 3 to 
deposit nickel at the bottom of the microholes. 

25 After that, this was put in an electroless deposition 
plating solution for gold (electroless deposition 
plating solution for gold produced by Kojundo 
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Chemical Laboratory Co., Ltd.; product code: K-24N) 
of a neutral bath kept at 70°C (pH = 7.0), and gold- 
deposition layers were formed over the entirety of 
the microholes . In this process, it is conceivable 
5 that nickel previously deposited at the bottom of the 
microholes through the alternating current 
electrolysis functions as a catalyst, and rapid 
filling of gold into the microholes occurs. 

As a result pf the observation with the FE-SEM 

10 for the surface and the cross section of the thin 
film after the gold filling, it was verified that 
gold was uniformly filled in the microholes. 

This film was immersed in concentrated nitric 
acid to remove germanium in the vicinity of gold. As 

15 a result of the observation with the FE-SEM for the 
silicon film after the germanium removal, it was 
verified that the gold columnar microstructured 
materials were formed on the surface at a high 
density. 

20 Next, a processing method of using the produced 

electrode as an acting electrode in an electrolytic 
solution was the same as that of Example 4. 

Further, a reagent used in the electrochemical 
.measurement at this time is ferrocene, which -is used 
25 for observing a general oxidation-reduction response. 

This electrode having the columnar structured 
materials was used as the acting electrode 73, and a 
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current response was measured using the CV (cyclic 
voltammetry) method. At this time, a platinum wire 
was used for the counter electrode 72, and I~/I 3 ~ was 
used for the reference electrode 71. 10 mM ferrocene 
5 was dissolved in an acetonitrile solution as the 
electroplating solution 75, which was poured in the 
beaker 74 to perform the measurement. At this time, 
1.0 MTBAP (tetrabutylammonium per chlorate) was used 
for a supporting electrolyte. An oxidation peak 

10 current value and a reduction peak current value were 
both about 2.0 mA/cm 2 ; as compared with peak current 
values at the time of using the commercially 
available platinum disk electrode, the values of the 
electrode having the columnar structured materials 

15 were increased by about 15%. It is conceivable that 
this is based on an effect of increase in the surface 
area owing to the formation of the columnar structure, 
and it is suggested that this is useful for the high- 
sensitive detection. 

20 (Example 6) 

This example relates to an example in which a 
silicon substrate having tungsten on its surface is 
used; aluminum and silicon are used as materials 
which form a eutectic, aluminum columns in a film are 

25 removed to obtain a porous silicon film, which is 
thereafter subjected to oxidation processing to 
obtain a porous oxidized silicon film, platinum 
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columnar structured materials and conductive 
materials being produced through electrodeposition. 

First, an aluminum-silicon mixture film, which 
is the same as that produced in Example 4, was formed 
5 on a silicon substrate having 20 nm of tungsten 

deposited thereon under the same conditions as those 
of Example 4. Etching processing with 98% sulfuric 
acid was performed on this film under the same 
conditions as those of Example 4 to selectively 

10 remove aluminum. Further, the porous oxidized 

silicon film thus obtained was thermally oxidized 
under the same conditions as those of Example 4 to 
obtain the porous oxidized silicon film. By use of 
evaluation means similar to those of Example 4 such 

15 as the observation with the FE-SEM, it was verified 
that the porous oxidized silicon film similar to that 
of Example 4 was formed. 

Platinum columnar structured materials were 
produced through the electrodeposition 

20 (electroplating) from the bottom of this' porous 

oxidized silicon film. The porous oxidized silicon 
thin film produced in the above steps was put in a 
commercially available electroplating solution 
(electroplating solution for platinum produced by 

25 . Kojundo Chemical Laboratory Co., Ltd.; product coder 
PT-100E), and the electrodeposition was performed at 
a current density of 1.5 A/dm 2 in an acid bath kept 



WO 2004/054924 



PCT/JP2003/015949 



at 70°C (pH =0.1) for 120 seconds in an acid bath 
kept at 70°C (pH = 0.1), thereby depositing platinum 
on the oxidized silicon film as well as in the holes. 
The substrate after the electrodeposition was 
5 thoroughly rinsed with pure water and then dried. At 
this time, it was found that platinum overflew from 
the holes by performing the electrodeposition for a 
long period of time, which resulted in a thin film on 
the oxidized silicon film. This is conceivable to be 

10 that because a distance between one hole and another 
hole is close, and thus after . electrodeposited 
. platinum overflows from the holes, its growth 

progresses in a lateral direction as well, so that 
the entire surface is covered therewith. 

15 The film after the platinum electrodeposition 

was rinsed with pure water, and thereafter the 
surface and the cross section thereof were observed 
with the FE-SEM. As a result, it was verified that 
platinum was introduced into -the microholes uniformly, 

20 and a columnar structure was formed. In addition, it 
was verified that the surface was also covered with 
platinum. 

The substrate having platinum formed in the 
holes and on the surface was subjected to oxidized 
25 silicon removal with a 2% hydrofluoric acid aqueous 
solution similarly to Example 4l Further, it was 
immersed for 30 seconds in a solution prepared by 
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dissolving 10 g of sodium ferricyanide in 100 mL of 
distilled water to separate platinum from the 
substrate, thereby removing tungsten. As a result of 
the observation with the FE-SEM for the electrode 
5 after removing the oxidized silicon and the silicon 
substrate removal, it was verified that aggregations 
of the platinum columnar microstructured materials 
were formed on platinum at a high density, and thus 
the formation of the columnar structured materials 

10 through the above steps was verified. 

Next, an actual electrode was produced with the 
same method as that of Figs. 9A to 9C in order to use 
the produced electrode as an acting electrode in an 
electrolytic solution. 

15 In this example, an epoxy resin was used 

instead of an Si0 2 vapor deposition film, and the 
area other than the measurement area with $6 mm was 
insulated. 

Next, description will be made- of a measurement 
20 method while referring to Fig. 10. 

A reagent used in the electrochemical 
measurement at this time is potassium 
hexacyanoferrate (II), which is used for observing a 
general oxidation-reduction response. 
25 This electrode having the columnar structured 

materials was used as the acting electrode 73, and a 
current response measurement was performed similarly 
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to. Example 4 by using the CV (cyclic voltammetry) 
method. An oxidation peak current value and a 
reduction peak current value were both about 2.5 
mA/cm 2 ; as compared with peak current values when 
5 using the commercially available platinum disk 

electrode, the values of the electrode having the- 
columnar structured materials were increased by about 
25%. It is conceivable that this is based on an 
effect of increase in the surface area owing to the 
10 formation of the columnar structure, and it is 

suggested that this is useful for the high-sensitive 
detection. 

As described above, according to the present 
invention, "by utilizing the film that has the 

15 structure in which one component is dispersed in the 
form of microcolumns in another component, which is 
produced by means of sputtering or the like using a 
target with an appropriate component ratio, and 
introducing an object material into the holes 

20 obtained by removing the columnar components, the 
microcolumnar structured materials having desired 
materials can be produced. 

In addition, according to the present invention, 
by utilizing the film that has the structure in which 

25 one component is dispersed in the form of 

- microcolumns in another component, which is produced 
by means of sputtering or the like using a target 
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with an appropriate component ratio, and introducing 
an object material into the holes, the microcolumnar 
structured materials can be produced on a conductive 
material, thereby making it possible to use this as 
5 the electrode. Further, this electrode having the 
columnar structured materials can be produced with 
the simple method, and also it is possible to provide 
the electrode capable of measuring a current value at 
high sensitivity with high accuracy. 
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CLAIMS 

1- A columnar structured material obtained by 
introducing a filler into columnar holes formed in a 
•porous material, 
5 wherein the porous material has the columnar 

holes formed by removing columnar substances from a 
structured material in which the columnar substances 
containing a first component are dispersed in a 
matrix member containing a second component capable 
10 of forming a eutectic with the first component. 

2. The columnar structured material according 
to claim 1, wherein the structured material has a 
thin film form, 

3. The columnar structured material according 
15 to claim 1, wherein the columnar structured material 

is obtained by introducing the filler into the 
columnar holes after subjecting the porous material 
to chemical treatment. 

4. The columnar structured material according 
20 to claim 3, wherein the chemical treatment is 

oxidation treatment. 

5. The columnar structured material according 
to claim 1, wherein the columnar substance is 
aluminum, the matrix member is of silicon, and the 

25 proportion of silicon to the structured material is 
in a range from 20 atomic% to 70 atomic%. 

6. The columnar structured material according 
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to claim 1, wherein the columnar substance is 
aluminum, the matrix member is of germanium, and the 
proportion of germanium to the structured material is 
in a range from 20 atomic% to 70 atomic%. 
5 7. The columnar structured material according 

to claim 1, wherein a main component of the porous 
material is silicon. 

8- The columnar structured material according 
to claim 1, wherein a main component of the porous 

10 material is germanium. 

9. The columnar structured material according 
to claim 1, wherein the diameter of a filler region 
of the columnar structured material is .in a range 
from 0.5 nm to 15 nm. 

15 10* The columnar structured material according 

to claim 1, wherein the interval between filler 
regions of the columnar structured material is in a 
range from 5 nm to 20 nm. 

11. The columnar structured material according 
20 to claim 1, wherein the columnar substance is a 

crystalline substance, and the matrix member is of an 
amorphous substance. 

12. The columnar structured material according 
to claim 1, wherein the filler introduced into the 

25 holes of the porous material is a metal or a 
semiconductor. 

13. The columnar structured material according 
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to claim 1, wherein the matrix member is removed from 
the columnar structured material. 

14. An electrode having the columnar structured 
material according to claim 13, 

5 wherein the filler is a conductive material, 

the conductive material in at least a part of a 
plurality of holes being electrically connected to a 
conductor. 

15. A method for producing a columnar 

10 structured material, comprising.: a step of preparing 
a structured material in which columnar substances 
• containing a first component are dispersed in a 
matrix member containing a second component capable 
of forming a eutectic with the first component; a 

15 removing step of removing the columnar substances; 

and an introducing step of introducing a filler into 
columnar holes that are formed in a porous material 
in the removing step. 

16. The method for producing a columnar 

20 structured material .according to claim 15, comprising 
an additional step of subjecting the porous material 
to chemical treatment after the removing step. 

17. The method for producing a columnar 
structured material according to claim 15, wherein 

25 the removing step is performed by etching. 

18. The method for producing a columnar 
structured material according to claim 15, wherein 
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the introducing step is performed by 
electrodeposition . 

19. The method for producing a columnar 
structured material according to claim 15 , wherein 

5 the introducing step is performed by electroless 
deposition. 

20. The method for producing a columnar 
structured material according to claim 15 , wherein 
the introducing step is performed by catalytic 

10 reaction after forming a catalyst in a bottom portion 
of the hole. 
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FIG. 3A 
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FIG. 3B 
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FIG. 3C 
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FIG. 7 A 
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FIG. 7B 
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FIG. 7C 
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